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MEMORANDUM 

SUBJECT:  Thu  Effect  of.  F-H  Aircrafl  Maneuvers  or;  ATOLL  (AA~/i)  I  ’or  f  ermanr  <- . 


Background 

(S  )  This  report  is  the  second  of  a  scrips  which  describe  the  ef  1  eel  i  vc-nov 
of  maneuvers  as  a  countermeasure  against  the  ATOLL.  The  ATOLL  is  the  most  cl  ter 
observed  air-to-air  missile  in  communist  controlled  countries  such  as  North 
Vietnam.  It  is  an  accurate  copy  of  the  early  Sidewinder,  and  data  whir.fi  per r  t 
its  accurate  simulation  are  readily  available. 

F i nd i nos 

(S)  The  optimum  maneuver  as  a  countermeasure  for  the  F-6  aircraft  is  a 
high-g  turn  toward  the  missile,  but  even  this  maneuver  does  not  insure  tho 
missile  will  miss.  Specifically,  there  exist  situations  in  wh  ch  a  maneuver 
initiated  before  the  missile  is  launched,  w  II  not  guarantee  the  missile  will 
miss.  One  such  condition  occurs  when  an  ATOLL  is  launched  at  short  range  from 
a  position  directly  on  the  tail  of  the  F-8. 

R  i  D  Imp  I i cat i ons 

(S  )  Since  maneuver  alone  is  not  fully  effective,  alternative  counter¬ 
measures  must  be  considered.  The  effectiveness  of  IR  suppression,  flares, 
and  other  active  countermeasures  should  be  examined.  However,  it  should  be 
noted  that  no  countermeasure  will  be  fully  effective  unless  a  threat  detection 
system  is  developed  to  alert  the  pilot  of  the  threat  and/or  to  operate  a 
reflexive  type  countermeasure  system. 

Recommended  Action 


(S)  Countermeasures  cannot  be  fully  successful  until  a  threat  detection 
system  is  developed  which  will  operate  effectively  in  the  lethal  cone  of  the 
ATOLL.  This  study  points  out  the  need  for  an  alerting  device  to  protect  the 
roar  hemisphere  of  our  fighter  and  attack  aircraft.  A  missile  launch  detecto- 
and/or  ta I  I -warning  radar  system  is  needed  and  should  be  developed  to  reduce 
the  effectiveness  of  the  ATOLL  and  similar  missiles. 


Clair  M.  Lougl 
Tactical  Analysis  Section 
Airborne  Radar  Branch 
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ABSTRACT  (S) 

An  analysis  was  made  to  determine  the  capability  of  the  F-8  a  ire 

evade  the  ATOLL  missile  by  maneuver.  Realistic  computer  simulations 

ATOLL  and  the  F-8  were  combined  w  th  the  IR  characteristics  of  the  F- 

atmosphere  to  provide  the  tool  for  analysis.  The  simulation  results 

requirements  for  the  F-8  in  the  air  combat  maneuvering  environment. 

#  ‘ 

eluded  that  maneuver  alone  is  not  always  a  sufficient  countermeasure . 

PROBLEM  STATUS  (C) 

This  is  a  final  report  on  the  effectiveness  of  maneuvers  by  an  F 
as  a  countermeasure  against  ATOLL.  Work  gn  other  countermeasures  and 
croft  is  continuing. 
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THE  EFFECT  OF  F-8  AIRCRAFT  MANEUVERS  ON  ATOLL 
(AA-2 )  PERFORMANCE 
(Uric  lass  i  f  iod  Title) 

I .  INTRODUCTION 

(S  )  By  Ref.  (I),  the  Naval  Air  Systems  Command,  AIR-533365C,  requested 
the  Nava  I  Research  Laboratory  (NRL)  to  investigate  the  capability  of  various 
U.S.  aircraft  to  counter  the  ATOLL  missile.  As  one  part  of  the  overall  in¬ 
vestigation,  Ref.  (I)  tasks  NRL  to  study  how  U.S.  aircraft  can  defeat  the  ATOLL 
by  maneuvering.  The  importance  of  this  problem  stems  from  the  fact  that  Russian- 
built  MIG  aircraft  armed  with  the  ATOLL  missile,  have  engaged  U.S.  aircraft 
in  Vietnam.  Reference  (2),  which  describes  the  effectiveness  of  maneuvers  by 
the  F-4B  aircraft  as  a  countermeasure  against  the  ATOLL,  is  the  first  report 
of  a  series  resulting  from  this  study.  This  second  report  in  the  series  describe 
the  effectiveness  of  maneuvers  by  the  F-8  aircraft.  It  will  be  followed  bv  rope 
which  describe  the  use  of  IR  flares  as  currently  mechanized  on  the  F-4  and  F-S 
aircraft,  the  use  of  several  IR  suppression  techniques  on  the  F-4,  and  the  use-  o' 
certain  active  IR  countermeasure  devices  on  the  F-4  and/or  the  A-4. 

I  I .  COMPUTER  REPRESENTATION 
A .  Genera  I  Descr i pt ion 

(C)  A  four  degree  of  freedom  computer  model  of  the  F-8  aircraft  and  a 
six  degreo  of  freedom  computer  model  of  the  ATOLL  have  been  constructed  for  this 
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study.  The  thrust,  drag,  and  lift  characteristics  u<  the  F-M  ,irc  included  t.. 
ossuro  realistic  simulation  of  maneuvers.  Measured  F-8  ITt  dal  a,  atr.os, .*  *t 
attenuation  formulas,  and  ATOLL  detector  sensitivity  measurements  were  used  t- 
develop  an  IR  signal  model.  ATOLL  tracking  error  data  were  comb i nod  wits  a 
Sidewinder  IA  tracking  model  for  the  electronics'  character  sties.  Sidewinder  IF 

f. 

gas  servo  performance  data  are  included  in  the  guidance  and  autopilot  model. 

Tables  of  aerodynamic  moments  along  with  norma!  and  axial  forces  for  the  Sidewinder 
IA  are  used  in  fhe  computer  program  to  calculate  missile  response.  The  time 
and  position  at  which  ATOLL  fusing  and  warhead  detonation  occur  are  calculated 
with  Respect  to  the  F-8  tailpipe.  A  full  description  of  the  missile  model 
is  found  in  Ref.  (2)  and  will  not  be  repeated  in  this  report  except  where  di'ferenc 
arc  noted. 

B.  Character ist  ics  of  the  F-8  Aircraft 

(U)  The  character istics  of  the  F-8  aircraft  as  used  in  this  stud, 
are  given  in  Tables  1-4.  The  maximum  lift  characteristic  of  the  F-8  as  a  function 
of  Mach  number  is  shown  in  Table.  I .  These  data  are  used  to  limit  the  computed 
maneuver  of  the  F-8  so  that  maneuvers  beyond  its  aerodynamic  capability,  as  a 
function  of  speed  and  altitude,  are  not  used  in  the  study.  The  military  thrust 
of  the  F-8  as  a  function  of  Mach  number  and  altitude  is  given  in  Table  2. 

Table  3  lists  the  total  drag  coefficient  of  the  F-8  as  a  function  of  Mach  number 
and  lift  coefficient.  IR  radiancy  is  found  in  Table  4  and  is  based  on  data 
taken  at  fhe  Naval  Weapons  Center  (NWC),  Chino  Lake,  and  shown  on  Fig.  I. 

2  SECRET-NOFORN 
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III.  ATOLL  PERFORMANCE 

A .  Non-Maneuvorino  Target 

(S)  The  lethal  zones  for  the  ATOLL  when  fired  against  a  non-maneuv'r 

F-8  aircraft  are  not  included  in  this  report  because  they  are  very  much  liw  jv, 

( 

for  the  F-4B  as  reported  in  Ref,  (2).  These  zones  for  the  two  aircraft  are  v'- 
similar  sinco  there  is  negligible  aerodynamic  difference  between  two  aircr..,f4 
flying  a  straight  line  at  a  constant  speed.  The  lethal  firing  zones  are  d  *  f  f  <  r  < 
only  because  of  differences  in  IR  radiancy  of  the  two  aircraft.  Although  the 
F-AB*has  two  engines  while  the  F-8  has  only  one,  the  NWC  measurements  shown  in 
Fig.  I,  indicate  that  IR  radiancy  of  the  F-8  is  equal  to  or  slightly  greater 
than  that  of  the  F-4B.  Thus  the  effective  attack  zone  against  the  F-8  will  bo 
somewhat  expanded  over  the  corresponding  zone  for  the  F-4B. 

B.  Tactical  Situation 

(S)  The  earlier  study  for  the  F-4B  aircraft,  Ref.  (2),  demonstrated 
that  the  ATOLL  has  successful  launch  zones  for  every  situation  examined.  In 
that  study,  it  was  hoped  that  a  maneuver  initiated  when  the  ATOLL  was  launch'd 
would  be  a  fully  effective  countermeasure .  Since  that  hope  was  not  realized, 
fhis  study  considers  launches  of  the  ATOLL  while  the  target  is  maneuver inc.  Thu 
this  effort  is  not  intended  to  compare  the  relative  effectiveness  of  F-S  and 
F-4B  maneuvers.  Rather,  it  intends  to  determine  what  must  be  done  to  defeat  the 
ATOLL  missile  in  the  air  combat  maneuvering  (ACM)  environment. 
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(C>  In  this  study,  i  l  is  assumed  that  the  miss i  lo  is  launched  after  the 
F-d  fully  developed  its  final  manouver.  Since  Rof.  (2)  demonstrated  that  the 
hard  turn  was  the  most  effective  maneuver  against  the  ATOLL,  only  that  maneuver 
is  considered  in  this  study.  It  is  assumed  that  the  ATOLL  is  launched  after  the 

.  t 

F-i3  has  attained  the  bank  angle  required  for  a  coordinated  turn  and  that  the 
full  g  load  has  developed  on  the  aircraft.  This  will  occur  one  second  after 
the  initiation  of  the  turn.  This  is  a  situation  characteristic  of  the  ACM 
environment  in  which  the  aircraft  are  being  continuously  and  violently  maneuvered. 

(U)  When  the  target  is  not  maneuvering,  it  is  reasonable  to  assume  that  an 
attacker  using  the  element  of  surprise  can  achieve  almost  any  launch  point  he 
desires.  However,  he  may  not  be  able  to  do  so  when  his  presence  is  known.  Thus, 
the  existence  of  a  zone  for  the  successful  launch  of  an  ATOLL  against  a  maneuvering 
F-S  does  not  necessarily  indicate  that  the  maneuver  is  ineffective.  It  may  be 
that  the  maneuver  will  prevent  the  attacker  from  reaching  the  successful  launch 
zone.  An  analysis  of  whether  these  successful  ATOLL  launch  zones  can  be  attained 
by  an  attacker  in  the  ACM  case  is  beyond  the  scope  of  this  study. 

C .  Launch  Aspect  Angle  Effects 

(S)  Figures  2-19  contain  the  results  of  the  simulation.  Aspect  angle 
stands  out  as  the  one  parameter  having  critical  importance.  The  result  for  two 
aspect  angles,  180°  (tail-on)  and  160°  (20°  off  tail),  are  given  on  each  figure. 
Moderate  to  total  degradation  of  ATOLL  intercept  capability  is  indicated  at  20° 
off  the  tail  for  each  case.  ATOLL  performance  varies  from  "no  capability"  . 
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regardless  of  target  maneuver,  as  shown  in  Fig.  6(b),  to  "effective  for  an/ 
target  maneuver"  as  shown  in  Fig.  2(a),  but  there  is  u  maneuver  which  ir.  effect  iv' 
in  nearly  every  case  at  20°  off  the  tail.  One  execption  is  the  case  of  maximum 
range  at  30,000  feet  altitude. 

( S )  In  all  "tail-on"  cases  except  that  shown  on  Fig.  10,  the  4~g  turn 
is  not  enough  to  produce  a  safe  miss  (25  ft.).  It  should  be  noted  that  a  launch 
range  of  7000  feet  shown  on  Fig.  10  is  beyond  the  normal  maximum  range  of  the 
ATOLL.  In  12  of  the  18  'Tail -on"  cases  studied,  no  maneuver  within  the  capabilit 
of  the  F-8  aircraft  would  produce  a  safe  miss.  However,  in  all  cases  except 
the  one  shown  in  Fig.  19(b),  a  5-g  turn  was  adequate  to  produce  a. safe  miss  at 
20°  off  the  tail.  It  should  be  noted  that  in  five  out  of  the  seven  minimum 
range  cases,  20°  off  the  tail  was  outside  of  the  ATOLL  launch  envelope  for 
non-maneuvering  F-8. 

(C)  The  reason  for  the  poor  performance  of  the  ATOLL  at  angles  off  the 
tail  is  the  seeker  lock-up  technique  employed.  The  pilot  is  required  to  point 
the  missile  directly  at  the  target  and  launch.  This  requires  the  missile  to 
maneuver  merely  to  develop  the  proper  lead  angle  for  intercept.  This  missile 
maneuver  requirement  generally  places  the  ATOLL's  launch  zone  directly  on  the 
tail. 

D .  Launch  Range  Effects 

(S)  The  effectiveness  of  maneuvers  at  minimum  ATOLL  range  is  higher  in 
this  study  than  in  the  previous  F-4B  aircraft  study.  Here,  in  the  seven  minimum 
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range,  tail-on  cases ,  maneuver  produced  a  10  feet  miss  in  four  cases  as  opposed 
to  only  one  case  in  the  F-4B  study.  Since  aircraft  maneuver  levels  used  in 
this  study  are  no  higher  than  those  for  the  previous  study,  the  explanation  for 
this  difference  lies  in  the  fact  that  the  F-8  is  assumed  to  be  maneuvering 
when  the  ATOLL  is  launched  whereas  the  F-4B  was  assumed  to  initiate  maneuver 
at  missile  launch.  Thus  the  F-8,  in  this  study,  has  been  given  about  a  one 
second  advantage  over  that  given  the  F-4B.  This  is  a  significant  difference  since 
the  tota  I  missile  flight  time  at  minimum  rangers  approximately  3  seconds. 

(S)  Maneuver  effectiveness  increases  as  the  missile  launch  range  increases. 
For  example,  at  the  minimum  range  of  (3000  ft)  as  shown  on  Fig.  6(a),  a  7-g 
maneuver  produces  a  7.5  feet  miss  whereas  a  7-g  turn  at  a  launch  range  of  5000 
feet  produced  a  miss  in  excess  of  50  feet  (see  Fig.  7(a)).  The  same  trend  can 
be  seen  on  Figs.  II,  12  and  Figs.  14,  15  each  of  which  assume  different  tactical 
condit ions . 

IV.  CONCLUSIONS 

(S)  I.  There  exist  successful  launch  zones  for  ATOLL  regardless  of  maneuvers 
by  the  F-8  aircraft.  These  are  at  minimum  range  and  in  a  "tail-on"  position. 

(S)  2.  Even  though  the  effectiveness  of  the  ATOLL  in  the  ACM  environment 
is  decreased  from  that  of  a  maneuvei — after- launch  situation,  the  effectiveness 
of  maneuver  alone  is  not  sufficient  to  guarantee  protection  of  the  aircraft 
under  a  I  I  conditions . 
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V.  RECOMMENDAT 1 ONS 

(S)  I.  Pilots  should  bo  trained  in  ATOLL  performance,  with  emphasis  on 
those  situations  in  which  maneuver  is  an  effective  countermeasure  and  those 
in  which  it  is  not  an  effective  countermeasure. 

(S  )  2.  Studies  should  bo  made  to  determine  the  probability  of  enemy  air¬ 

craft  being  able  to  reach  a  successful  ATOLL  launch  point  in  the  air  combat 
maneuvering  evnironment. 

(S)  3.  Studies  of  the  effectiveness  of  IR  flares  and  other  active  counter¬ 

measures  should  be  pursued. 

(S)  4.  Further  studios  should  be  conducted  to  determine  the  effect  of 

afterburner  power  on  aircraft  vulnerability  to  ATOLL. 

(S)  5.  Special  tailpipe  shielding  should  be  investigated  to  reduce 

IR  signature  in  the  upper  hemisphere  of  U.S.  aircraft. 

(S)  6.  The  Navy  should  pursue  the  investigation  of  countermeasure  techniqu 

which  have  potential  effectiveness  against  a  missile  launched  directly  tail-on  at 
mini  mum  range . 
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MACH 

CLMAX 

0.50 

0.930 

0.62 

0.900 

0.75 

0.880 

O.SO 

0.880 

0.85 

0.890 

0.00 

0.925 

0.94 

0.950 

1.00 

1.100 

1.05 

1.300 

1.10 

1.100 

1.15 

0.075 

1.20 

0.925 

1.30 

0.810 

1.40 

0.740 

1.50 

0.600 

o 

Reference  area  -  375  FT 


CLMAX  -  Max  tactically  usable  lift  coefficient 


TABLE  1  -  F-8  MAXIMUM  LIFT  COEFFICIENT  (U) 


9 


UNCLASSIFIED 


ALTITUDE 


CO 

*T 

*a 

ro 

X 

o 

tO 

o 

CO 

<£> 

O 

CO 

r— < 

O 

CO 

O') 

m 

rH 

o 

o 

CN 

to 

00 

i — 1 

to 

X 

rp 

o 

1- 

© 

OJ 

10 

l'- 

© 

t—i 

CO 

rr 

a> 

oo 

© 

© 

CO 

l>- 

co 

X 

l- 

<0 

CD 

to 

*r 

co 

CM 

CO 

rH 

rH 

© 

* 

rH 

Cl 

rH 

o 

tO 

© 

© 

cn 

m 

© 

X 

o 

r— 1 

"v»- 

»  4 

X 

0* 

r*< 

t'- 

lO 

tn 

X 

N 

to 

m 

in 

cm 

© 

CO 

co 

TP 

© 

l- 

<J> 

rH 

cn 

© 

a> 

m 

rH 

Oh 

00 

X 

X 

t'* 

© 

irt 

rr 

O' 

cn 

CM 

rH 

rH 

rH 

o 

co 

© 

o 

lO 

o 

m 

© 

© 

o 

© 

© 

in 

© 

© 

X 

© 

© 

h- 

o 

CM 

m 

© 

© 

© 

in 

o» 

© 

00 

© 

CM 

CM 

co 

m 

X 

rH 

m 

00 

<r 

rH 

M 

• 

*» 

M 

* 

4% 

•» 

fe 

* 

■» 

•* 

« 

r 

o 

rH 

© 

cn 

a 

N 

© 

10 

•*r 

co 

co 

CM 

rH 

rH 

rH 

o 

rH 

CM 

rr 

h- 

© 

© 

rH 

co 

m 

m 

© 

in 

o 

CM 

V 

© 

lO 

iO 

X 

CM 

m 

X 

CO 

© 

cn 

co 

CM 

rH 

o 

© 

© 

rH 

CO 

© 

0h 

co 

r* 

© 

rH 

O 

© 

X 

© 

in' 

V 

cn 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

00<XCMr-iOt^T«©t'-inCM©t^ 

0»N‘Sl'in0(fiHKlhi5iiD0 

coHO»«aoOrtin«Nvcno 


© 

© 

co 

CM 

eM 

rH 

rH 

ri 

> 

© 

X 

r. 

f* 

X 

in 

rH 

o 

X 

% 

h 

in 

CM 

o 

© 

CM 

C* 

o 

H 

« 

X 

© 

cn 

r 

H 

CO 

© 

J 

•« 

* 

** 

r 

* 

•k 

•» 

* 

H 

m 

CO 

CM 

CM 

H 

rH 

'a, 

oooooooom 
O'lfl  O  «  O  m  fl  ifl  N 
no«inm«i£ooN 

•Sr*******-* 

HOnot>icifl«nn 


oooifiiONSinoo 

omHt'Winp'OO 

iH«©C0C0C0*©O 

H 


§©CO©inO©Oift 
©eoocMmoinc* 
©©^CMCMCMCOCOC* 

n*AA*«AA** 

H 


CONFIDENTIAL 


EACH 

n  r 

V  • 

MACH 

naHS 

CL2 

CD 

CL2 

CD 

0.000 

0.0175 

0.000 

0.0175 

0.020 

0.0208 

0.020 

0.0208 

0.040 

0.0247 

0.040 

0.0248 

0.080 

0.0330 

0.086 

0.0371 

0.120 

0.0425 

0.150 

0,0505 

0.150 

0.0505 

0,177 

0.0575 

0.177 

0.0575 

0.211 

0.0675 

0.211 

0.0675 

0.260 

0.0822 

0.260 

0.0822 

0.340 

0.1075 

0.340 

0.1075 

1.500 

0.4745 

1.500 

0.4746 

MACH 

0.95 

MACH 

1,010 

C  2 

CL 

CD 

CL2 

CD 

0.000 

0.0245 

0.000 

0.0410 

0.020 

0.0281 

0.020 

0.0446 

0.040 

0.0319 

0.040 

0.0485 

0.096 

0.0444 

0.073 

0.0558 

0.150 

0.0575 

0.160 

0.0767 

0.177 

0.0645 

0.211 

0.0910 

0.211 

0.0745 

0.260 

0.1057 

0.260 

0.0892 

0,340 

0.1310 

0.340 

0,1145 

1.500 

0.4980 

1.500 

0,4815 

MACH 

0.9 

MACH 

0.925 

CD 

<**" 

CD 

0.000 

0.0180 

0,000 

0.0200 

0.020 

0.0215 

0.020 

0.0235 

0.040 

0.0253 

0.040 

0.0274 

0.096 

0.0377 

0.096 

0. 0398 

0. 150 

0.0510 

0.150 

0.0530 

0.177 

Q. 0580 

0.177 

0,0600 

0.211 

0.0680 

0.211 

0.0700 

0.260 

0.0827 

0.260 

0.0847 

0.340 

0.1080 

0.340 

0.1100 

1.500 

0.4750 

1.500 

0.4770 

MACH  1.035 

MACH 

1.050 

C  2  2 

CL  l'D 

'L2 

CD 

0.000 

0.0437 

0.000 

0.0455 

0.020 

0.0474 

0.020 

0.0493 

0.040 

0.0513 

0.040 

0.0527 

0.073 

0.0586 

0.073 

0.0599 

0.180 

0.0797 

0.160 

0.0811 

0.211 

0.0937 

0.211 

0,0850 

0.260 

0.1084 

0.260 

0.1097 

0.340 

0.1337 

0.340 

0,1350 

1.500 

0.5007 

1.500 

0.5020 

CL  -  LIFT  COEFFICIENT 
CD  -  DRAG  COEFFICIENT 

TABLE  3  -  F-8  TOTAL  DRAG  COEFFICIENT  (C) 
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CONFIDENTIAL. 


MACH 

1.07  5 

MACH 

' 

t  ■  2 

*(  i  Ml  | 

MrtVJi 

1  »i 

4  *  ^ 

MATH 

1  A 

cu2 

CD 

C.» 

c  2 

L 

s 

Cl" 

C» 

0 .  ooo 

0.0435 

0.000 

0,0443 

0.000 

0.0434 

0.  000 

0.0424 

Q.Q20 

0.0493 

0.040 

0.0528 

0.020 

0.0482 

0.020 

0.0470 

0,040 

0.0333 

0. 100 

0.0073 

0.040 

0.0531 

0.040 

0.0531 

0.073 

0.0005 

0. 100 

0.0828 

0.130 

0.0774 

0. 100 

0,0709 

0,  100 

0.0819 

0.220 

0,0088 

0,240 

0.1081 

0.  160 

0.0801 

0,211 

0.0958 

0.240 

0.1048 

0,340 

0.1374 

0.240 

0, 1136 

0,2''  ' 

0.1102 

0.305 

0.1228 

0.512 

0. 1874 

0.340 

0,1449 

0.340 

0, 1355 

0.340 

0. 1348 

1.500 

0.5004 

1.200 

0.4141 

1,500 

0,5025 

0.350 

1 . 500 

0. 1378 

0.5013 

MACH  1.5 

r  ^  r 

CL  ''D 

0.000  0.041ft 

0,040  0.0830 

0.120  0.0801 

0,240  0.120ft 

0,340  0.1BB2 

1.200  0.483ft 


CL  «  LIFT  COEFFICIENT 
Cq  »  DRAO  COEFF1C1INT 


TABLE  3  -  F-8  TOTAL  DRAG  COEFFICIENT  (C)  (Cont'd) 
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MISS  DISTANCE  (FT) 


TARGET  MANEUVER  (g'«) 
(a) 


TARGET  MANEUVER  (g's) 
(b) 


Target  Altitude  -  5000  ft 

Target  Speed  ■  M  0,7  o  Constant  Turn  Maneuver 

Launch  Altitude  -  5000  ft 

Launch  Speed  -  M  0.9  x  No  Maneuver 

Launch  Range  -  3000  ft 


FIO.  2  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


2468  02466 


TARGET  MANEUVER  (jj's) 
(a) 


TARGET  MANEUVER  (g'a) 
(b) 


Target  Altitude  -  S000  ft 
Target  Speed  •  II  0,7 
Launch  Altitude  *  5000  ft 
Launch  Speed  -  M  0.9 
Launch  Range  -  3000  ft 


O  Conetant  Turn  Maneuver 
*  No  Maneuver 


FIG.  3  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


MISS  DISTANCE  (FT) 


SECRET 


Target  Altitude  -  5000  ft 
Target  Speed  -  M  0.9 
Launch  Altitude  -  5000  ft 
Launch  Speed  -  M  0.9 
Launch  Range  -  3000  ft 


O  Conatant  Turn  Maneuver 
x  No  Maneuver 


FIG.  4  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


MISS  DISTANCE  (FT) 


SECRET 


TARGET  MANEUVER  (g's) 
(a) 


Target  Altitude  -  5000  it 
Target  Speed  -  M  0.9 
Launch  Altitude  “  5000  ft 
Launch  Speed  “  M  0.9 
Launch  Range  -  5000  ft 


FIG.  5  -  ArOLL  MISS  DISTANCE 


TARGET  MANEUVER  (g's) 
(b) 


O  Constant  Turn  Maneuver 
*  No  Maneuver 


A  FUNCTION  OF  F-B  LOAD  FACTOR  (S) 
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SECRET 


MISS  DISTANCE  (FT) 


Target  Altitude  -  6000  It 

Target  Speed  •  II  0.9  o  Constant  Turn  Maneuver 

Launch  Altitude  -  3000  ft 

Launch  Speed  •  II  1,2  *  No  Maneuver 

Launch  Range  ■  3000  ft 


FIG.  6  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


target  MANEUVER  (g'e) 
(a) 


TARGET  MANEUVER  (g’») 
(b) 


Target  Altitude 
Target  Speed  - 
Launch  Altitude 
Launch  Speed  - 
Launch  Range  - 


-  5000  it 
M  0.9 

-  5000  it 
M  1.2 
5000  it 


O  Conetant  Turn  Maneuver 
*  No  Maneuver 


FIG.  7  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


HISS  DISTANCE  (FT) 


TARGET  MANEUVER  (g'e) 

(A) 


Target  Altitude  -  15000  ft 
Target  Speed  ■  II  0.1 
Launch  Altitude  ■  15000' ft 
Launch  Speed  ■  13009  U 
Launch  Range  ■  3000  ft 


E1C .  8  -  ATOLL  MISS  DISTANCE 


TARGET  MANEUVER  (g'e) 
(b) 


O  Constant  Turn  Maneuver 
*  No  Maneuver 


A  FUNCTION  OF  F-8  LOAD  FACTOR  (B) 


21 
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MISS  DISTANCE  {FT) 


TARGET  MANEUVER  (g'i) 

(a) 


TARGET  MANEUVER  (g'u) 

(b) 


Turgot  Altitude  -  15000  ft 
Target  Spood  -  M  0,6 
Launoh  Altitude  -  15000  ft 
Litunoh  Speed  *  M  0,9 
Launch  Range  -  7000  ft 


O  Conetant  Turn  Maneuver 
»  No  Maneuver 


FIG.  10  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (8) 
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SECRET 


TARGET  MANEUVER  (g'i) 

UO 


TARGET  MANEUVER  (g'ss) 

(b) 


Target 

Target 

Launch 

Launch 

Launch 


no.  u 


Altitude  -  15000  ft 
Speed  ■  M  0,9 
Altitude  -  16000  ft 
Speed  *  «  U 
Range  ■  3000  ft 


0  Constant  Turn  Maneuver 
*  No  Maneuver 


-  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-B  LOAD  FACTOR  (S) 


n  a 


SECRET 


TARGET  MANEUVER  (g'e) 

U) 


TARGET  MANEUVER  (g'e) 


Target 

Target 

Launch 

Launch 

Launoh 


Fio.  12 


Altitude  *  18000  ft 
Spaed  -  M  0,9 
Altitude  ■  18000  ft 
Speed  **  M  1,3 
Range  -  8000  ft 


o  Constant  Turn  Maneuver 
«  No  Maneuver 


ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (fl) 
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MISS  DISTANCE  (FT) 


1 


SKCWlvT 


i 


t 

l 

i 


TARGET  MANEUVER  (g'e) 
(a) 


Target  Altitude  -  1BOOO  ft 
Target  Speed  *  M  0.9 
Launeh  Altitude  ■  16000  it 
Launch  Speed  *  M  l.J 
Launch  Range  *•  7000  it 


TARGET  MANEUVER  (g’e) 
(b) 


0  Constant  Turn  Maneuver 
x  No  Maneuver 


1 


} 


i 


FIG.  13  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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0  2  4  0 

TARGET  MANEUVER  (g'e) 

(ft) 


2  4  6 

TARGET  MANEUVER  (g'e) 
<b> 


'far get  Altitude  -  1S000  ft 
Target  Speed  -  M  1.2 
Launch  Altitude  -  16000  ft 
L^unoh  Speed  •  II  1,5 
Launch  Range  -  3000  ft 


0  Constant  Turn  Maneuver 
x  No  Maneuver 


FIG.  14  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


8 


0 


2  4  6 

TARGET  MANEUVER  (g's) 
(a) 


Target  Altitude  -  15000  ft 
Target  Speed  *  M  1,2 
Launch  Altitude  -  15000  ft 
Launch  Speed  -  M  1.5 
Launch  Range  -  5000  ft 


FIG.  15  -  ATOLL  MISS  DISTANCE 


2  4  6 

TARGET  MANEUVER  (g's) 
(b> 


0  Constant  Turn  Maneuver 
*  No  Maneuver 


A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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SECRET 


TARGET  MANEUVER  (g's) 
(A) 


Target  Altitude  *■  13000  ft 
Target  Speed  -  M  1.2 
Launch  Altitude  “  18000  ft 
Launch  Speed  -  M  1.6 
Launch  Range  -  6000  ft 


FIG.  10  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 


0  Conetant  Turn  Maneuver 
*  No  Maneuver 


TARGET  MANEUVER  (g'a) 
(b) 


90 


SECRET 


2  4  6  8 


4  6 


TARGET  MANEUVER  (g'a) 
(a) 


TARGET  MANEUVER  (g's) 

(8) 


Target  Altitude  -  30000  It 
Target  Speed  -  M  0.9 
Launch  Altitude  -  30000  ft 
Launch  Speed  -  M  1.2 
Launch  Range  •  4000  ft 


FIG.  17  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 


0  Conetant  Turn  Maneuver 
x  No  Maneuver 


30 


SECRET 


MISS  1>J STANCE  (FT) 


11 

IHii 

all 

1 

HI 

■ 

11 

Hill 

ill 

ill 

ill 

III!! 

Him 

lilllDIHH 

i  min 
mu 

TARGET  MANEUVER  (g'e) 
(a) 


0  2  4  6 

TARGET  MANEUVER  (g’e) 
(b) 


Target  Altitude  ■  30000  ft 
Target  Speed  -  M  0.9 
Launch  Altitude  -  30000  ft 
Launch  Speed  *  M  1.2 
Launch  Range  -  12000  ft 


0  Constant  Turn  Maneuver 
x  No  Maneuver 


FIG.  19  -  ATOLL  MISS  DISTANCE  AS  A  FUNCTION  OF  F-8  LOAD  FACTOR  (S) 
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